noted that for several other interfacial enzymes, binding to membranes via multiple domains leads to enzymatic activation (13) .
Given these multiple PTEN-membrane contact points, it was surprising that most of PTEN is cytoplasmic. Detecting membrane-bound PTEN requires sophisticated microscopy (14) . Using biochemical techniques, membranebound PTEN is detected only if very mild detergents are used to permeabilize the cells (15) . The open/closed model provides a plausible explanation for the paucity of PTEN at the plasma membrane. In the closed conformation, the phosphorylated tail binds to the phosphatase domain as a pseudosubstrate and to the C2 domain (15) , preventing membrane binding. According to this model, dephosphorylation of PTENЈs tail leads to a release of the tail, allowing for an initial membrane association most likely through nonspecific electrostatic interactions with the negatively charged membrane, followed by selective interactions between the N-terminal PBM and PI(4,5)P 2 , and the C2 domain and phosphatidylserine. The PBM/PI(4,5)P 2 interaction activates the phosphatase domain (11, 12, 16, 17) . Consistent with this model it was found that PTENЈs tail is sensitive to nonspecific proteases (9) and dephosphorylation enhances binding of the PTEN tail to PDZ domains (4) . Despite the plausibility of this model, the key feature of the model (interactions between the phosphorylated tail and the remainder of the protein) is just now being assessed.
Rahdar et al. PTEN open/closed model explains how phosphorylation regulates membrane association. Dephosphorylation leads to the open conformation that allows PTEN to associate with the membrane. The initial association of PTEN with the negatively charged membrane likely occurs through nonspecific electrostatic interactions, as observed for other interfacial proteins (10) . The association step is followed by binding of the C2 domain to phosphatidylserine (PS) (9) and the PBM to PI(4,5)P 2 (17, 18) , which leads to a conformational change (12) and activation of the phosphatase domain (PD) (11, 16) . The trigger for PTEN dissociation is unknown, but Radhar et al. (6) suggest that it is not phosphorylation of the C-terminal tail.
4 alanine substitutions (S380A, T382A, T383A, and S385A) that eliminates the corresponding serine/threonine phosphorylation sites, also showed enhanced membrane association. They found in addition that coexpression of the cytoplasmic tail (residues 352-403) inhibited membrane association of nonphosphorylated full-length PTEN, suggesting that the C-terminal tail binds to PTEN. This interaction can also be verified by coimmunoprecipitation of
In conclusion, these experiments demonstrate a phosphorylation-dependent specific interaction between residues 1-351 and 352-403 that prevents membrane association of PTEN. Our confidence in these results is greatly reinforced by Rahdar et al.'s use of both biochemical and cell-based assays.
Their study (6) also analyzes binding of PTEN in the open conformation to the membrane. There are two views of the role of PI(4,5)P 2 in this step. Some studies have found that binding of PTEN to PI(4,5)P 2 is critical for membrane localization (18) . In contrast, other investigators have suggested that PTENЈs interactions with the plasma membrane are nonspecific electrostatic, and other negatively charged lipids, such as phosphatidylserine, can drive membrane localization (19) . In their study (6), Rahdar et al. express a PI(4,5)P 2 -specific phosphatase, inositol polyphosphate-5-phosphatase (Inp54p). As a result, PI(4,5)P 2 levels are greatly reduced and PTEN binding to the plasma membrane is eliminated. These results reinforce the model previously developed by using in vitro experiments (10) that PTENЈs membrane interaction requires PI(4,5)P 2 , for which other phosphoinositides, such as PI(3,4,5)P 3 , cannot substitute. Hence, their study provides additional data supporting a selective PTEN/PI(4,5)P 2 interaction that is required for membrane association.
A natural question is which amino acids interact with the C-terminal tail and thereby create the closed conformation? Deletion of the first 10 amino acids of the N-terminus PBM eliminates PI(4,5)P 2 binding but does not interfere with binding of the tail to PTEN 11-351. Deletion of the first 15 amino acids does reduce tail binding. In addition, point mutations (K13A or K13R/R14A/R15A) reduce tail binding. Mutations in the phosphatase domain also affect tail binding. The C124S mutation eliminates phosphatase activity and prevents formation of the closed conformation. Mutations of charged residues at the active site also reduce tail binding. Treatment of PTEN with H 2 O 2 cross-links C71 and C124 and blocks tail binding. Mutations of the CBR3 loop in the C2 domain also prevents tail binding. An interaction between the tail and the C2 domain was also noted by Odriozola et al. (15) . These results suggest that either the closed conformation requires interactions with many amino acids in multiple domains or the mutations have global effects. In fact, the broad interface between the phosphatase and C2 domains may facilitate propagation of conformational changes between these domains (20) .
Using biochemical and cell-based techniques, Rahdar et al. ' s thorough study (6) verifies the open/closed model. The study also points to the need for more biophysical and structural studies of PTEN to identify the amino acids that interact with the C-terminal tail and to visualize phosphorylation-and PI(4,5)P 2 -initiated conformational changes (6 
